The respective tectonic effects of back arc spreading and continental collision in Asia are considered either as two independent processes or as closely interrelated. Extrusion tectonics assumes that the opening of the South China Sea and the left-lateral motion along the Red River fault are geometrically linked in a pull-apart manner. This model is not accepted by several workers because the structural link between the two processes is not clearly demonstrated. In the case of the Japan Sea,, we can show without ambiguity that back arc opening was controlled by large intracontinental strike-slip faults which can be easily understood as effects of the India-Asia collision far from the indenter. The Japan Sea opened in the early Miocene in a broad pull-apart zone between two major dextral strike-slip shear zones. The first one extends from north Sakhalin to central Japan along 2000 km, it has accommodated about 400 km of finite displacement. Deformation along it varies from dextral transpression in the north to dextral transtension in the south. The second is between Korea and SW Japan and has accommodated a smaller displacement of about 200 km. The extensional domain in between lies in the back arc region of Japan. Distributed stretching of the arc crust resulted in the formation of most of the Japan Sea, while localized oceanic spreading at the southern termination of the eastern transpressional shear zone shaped the Japan Basin. The first oceanic crust was formed in a small triangle based on the eastern shear zone, and spreading propagated westward inside the pull-apart region. Timing of oceanic crust formation, of formation of the dextral shear zones and of block rotation in between, as well as the internal structure of the basins and the geometry of deformation along the master shear zones are used to reconstruct the opening history. This evolution is discussed by comparison to other manifestations of the arc and back arc activity, such as the history of sedimentation and volcanism. The paper then suggests that the collision of India can have tectonic consequences as far north as Japan and Sakhalin and describes the geometrical relation of back arc opening there and diffuse extrusion. 22,237 22,238 JOLIVET ET AL.' JAPAN SEA, OPENING HISTORY AND MECHANISM EURASIA ß ß
Introduction
The deformation of Asia (Figures 1 and 2) is viewed commonly as if the region north of the indenter (Tibetan plateau, Tien Shan) and immediately east of it (Indochina) is deformed as a response to the Himalayan collision only and the back-arc regions along the Sunda and Pacific trenches are deforming as an effect of subduction only, without any link between both. Moreover, most papers dealing with the Cenozoic deformation of the Asian continent describe it in such a way that the influence of the eastern and southeastern plate boundaries is ignored, although it is obvious that large extensional and strike-slip deformation is concentrated in the back arc regions of the Sunda and Pacific subduction trenches. Finite deformation Copyright 1994 by the American Geophysical Union. , Paper number 93JB03463. 0148-0227/94/93JB-03463505.00 is discussed generally in terms of extrusion versus crustal thickening as a result of the indentation of Asia by India (see, for instance, a recent discussion by Dewey et al. [1989] or Le Pichon et al. [1992] ). The opening of the South China Sea is, for instance, seen by Tapponnier et al. [ 1982] and Peltzer and Tapponnier [ 1988] as the result of extrusion of Indochina alone. The merely passive role of the subduction zone played in these schemes is very unlikely, however, given that large back arc basins opened along the eastern border of the Philippine Sea plate (Shikoku-Parece Vela Basin) as a response to the particular stress conditions created in the upper plate by the subduction of the Pacific plate. Far from the indenter, the most obvious deformation features related to collision are localized strike-slip shear zones such as the Red River fault or the Altyn Tagh fault. Further away from it, marginal basins have opened during the collision process, and one can consider collision as a possible cause for opening [Tapponnier et al., 1982; Kimura and Tamaki, 1986; Jolivet et al., 1990] . This paper deals with the opening mechanism of marginal basins settled onto the according to Tapponnier et al. [1982, 1986, 1990] Tamaki, 1992] . Cenozoic N-S dextral strike-slip motion is recorded also in the region of the North China basin [Chen and Nabelek, 1989 ].
We discuss this problem based on the example of the Japan Sea, which now provides a well-controlled history of rifting and spreading, in terms of geometry and timing.
Geophysical and geological data that were used until recently to constrain the tectonic history of the Japan Sea gave rise to contradictory models, mostly because hard data concerning the age of rifting and spreading were lacking. It is only very recently that Ocean Drilling Project ( , 1975; Nakamura, 1983; Nakamura and Uyeda, 1980; Seno, 1985 
Pacific plates [Fukao and Furumoto

Collision of the Izu-Bonin Arc With Central Japan
The present-day plate configuration puts the Pacific-Philippine Sea-Eurasia triple junction in the southeastern corner of the Japan arc and the Philippine Sea Plate/Eurasia (PHSP/EUR) rotation pole is located close to the collision zone [Seno, 1977; Ranken et al., 1984; Huchon, 1985] . This situation is fairly recent, and most kinematic reconstructions show the triple junction moving along the eastern margin of Eurasia from south to north and reaching its present position in the middle Miocene [Jolivet et al., 1989; Haston and Fuller, 1991; Hall et al., 1993] . In this region, two buoyant features, the Japan and Izu-Bonin arcs meet and collide [Matsuda, 1978; Niitsuma and Akiba, 1985] . The northernmost tip of the Bonin arc (Izu peninsula) is being accreted to central Japan along several thrust contacts. As described by Taira et al. [1989] , older collisions occurred since the middle Miocene, in the form of a sequential accretion of pieces of the Bonin arc to central Japan. Compression is recorded in the area north of the collision zone with a fan-shaped pattern of stress, which merges to the north with the E-W compression of NE Japan [Huchon, 1985] . Large strikeslip faults such as the Itoigawa-Shizuoka tectonic line are reactivated as sinistral transpressional wrench, and the thick late Cenozoic sediments of the Fossa Magna suffer shortening.
Slow Dextral Motion Along the Median Tectonic Line
West of the collision zone, subduction of the Philippine Sea plate occurs at a slow rate of 2-4 cm/year [Seno, 1977; Ranken et al., 1984] . A slight obliquity of the relative motion vector induces a partitioning of strain between pure compression in the Nankai trench and a slow dextral motion along the Median tectonic line [Okada, 1980] .
Dextral Transpression in South Korea
Crustal seismic activity is recorded also in the Tsushima Strait, and recent activity is observed along the Yangsan fault in South Korea [Jun, 1990] . Strike-slip focal mechanisms with a notable compressional component have been jcomputed by Jun [1990] , who concludes that a NE-SW trending zone of dextral transpression exists between the Korean peninsula and Japan arc.
Crustal Structure and Age
Proper oceanic crust is found only in a restricted domain of the Japan basin, which has a triangular shape with its base along the eastern margin of the back arc basin spreading ridge toward the west, based on the geometry of magnetic anomalies. This is in good agreement with the general triangular shape of the oceanic domain: spreading has started earlier in the east where oceanic crust is more widely distributed.
Most geophysical data such as magnetic anomalies [Tamaki and Kobayashi, 1988] or heat flow [Tamaki, 1986] , as well as drilling results show that the Japan Sea 
Miocene Tectonic Environment
The geometry of opening is constrained not only by the internal structure of the basin but also by the tectonic evolution of its margins. As discussed by Jolivet and Tamaki [ 1992] , there is a considerable difference between the eastern narrow strike-slip margin and the southern wide extensional one (Figure 4 This hypothesis needs to be tested, and the simplest way would be to quantify the amount of late Oligocene extension from faults offset. Given the thick late Neogene and Quaternary cover of NE Japan, late Oligocene deformation might not be easy to observe. It is very likely anyway that during the Japan Sea rifting, extension was not localized only in the back arc region, but rather encompassed the entire width of the arc until the forearc region, as illustrated by the present-day structure of the Bonin arc.
Tectonic History
We now present tectonic reconstructions which are based on the kinematics described by Jolivet et al. [1991] and Jolivet and Tamaki [1992] (Figures 1 la to 1 lf) . The Japan arc is divided into several rigid blocks which move along two master strike-slip faults, described above, and rotate about vertical axes. As suggested by Jolivet et al. Coastlines have been drawn on the reconstructions based on the work by Iijima and Tada [1990] , who compiled stratigraphic and sedimentological data in and around the Japan Sea. We take from their compilation, only coastlines which are sufficient to illustrate the geometry of basins and discuss the first-order sedimentological history in relation to tectonic events.
On the 30 Ma (Figure 1 lf) .................  . ....  ..v.v.....v.v.   ...........   .....................................   ....................................................   ...........   ..........   .............. We can use these reconstructions to obtain a crude image of the finite displacement of the eastern and southeastern borders of Asia, with respect to fixed Eurasia. The geometry that we obtain can be used to illustrate the general evolution of the boundaries of Asia during its collision with India. They certainly are not precise because uncertainties on the total displacement along major faults inside Asia are very large. Only the general scheme matters for our discussion (Figures 13 and 14) . experimental device except for a thinner lithosphere and a larger size experiment. In order to create extension the rheology was chosen so that the "lithosphere" tends to collapse under its own weight. In the absence of indentation the eastern and southeastern boundaries tend to move outward and grabens form perpendicular to gravitational spreading. With such boudary conditions, we applied an indentation at various velocities. Figure 15 shows one of the experiments. The basic features are the following: (1) extrusion is very diffuse and the extruded block is internally severely deformed as in the numerical modeling of Houseman and England [1993], (2) the transtensional dextral strike-slip shear zones are more precisely defined than in the experiments of Davy and Cobbold [1988 The Japan Sea is thus under the influence of two largescale phenomena: "classical" back arc spreading provided the extensional component, and internal deformation of Asia due to the collision of India provided the dextral strike-slip component. We have no original mechanism to originate extension other than the one usually considered after Uyeda and Kanamori [1979] . We only emphasize here that the Japan Sea is part of the western Pacific back arc basins whose opening is due to subduction, whatever the exact mechanism, which is still controversial, as well as the result of the internal deformation of Asia during its collision with India. Without collision, the Japan Sea would have opened as a symmetrical back arc basin similar to the Shikoku basin. If there is no agreement on the possible link between the opening of the South China Sea and the left-lateral motion along the Red River fault because the connection between the two systems is obscured, we can show a connection between the dextral motion along the Sakhalin-Hokkaido shear zone and the Japan Sea opening: the pull-apart geometry is there inescapable.
Rangin et al. [1990b] proposed reconstructions of the Philippines and Indonesian region from the Eocene to the
